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Neural network emulators
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Alsing et al (2020)



Neural network emulators

● Fully connected neural net with n=4 hidden layers

● 512 neurons per layer

● Activation function

● Adam optimizer

● L2 loss

Boris Bolliet (Cambridge)

Alsing et al (2020), Spurio Mancini et al (2020)



Training/testing set generation (i.e., simulations)

● On AMD Rome nodes 

● Maximally/optimally distributed and parallelized

An N=500 job array
Each job: 1k simulations
Each simulations: 128 cores

● Run time ~ 1 week

● Output: 500k realizations 
of each observable/spectra

● All project so far: 1.5TB of training data
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Credit: Ian Fisk



CMB/LSS in stage 4 era
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High accuracy and precision
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● Aim for Stage IV cosmological surveys

●

● State-of-the-art baryonic, 
recombination and BBN physics

Mead et al (2020)

Lee & Ali-Haimoud (2020)

Pitrou et al (2019)



Latin Hypercube of parameters

● N=12 dimension

● Priors wide enough for all 
commonly used datasets 

EDE LCDM



Training/testing sets
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● Curse of dimensionality: 
np.interp need ~10d 
samples, memory and 
computing time 
impossible

● Neural nets nail it
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Training of neural net

● On NVIDIA H100 GPUs at Flatiron Institute

● GPU job array (each job train for 1 observable)

l_func_obstypes = ['TT', 'TE', 'EE', 'BB', 'uTT', 'uTE', 'uEE', 'uBB', 'PP']
k_func_obstypes = ['PKL', 'PKLCB', 'PKNL', 'PKNLCB']
z_func_obstypes = ['S8Z', 'HZ', 'DAZ']

● Cosmopower training strategy
           cp_nn.train(training_parameters=training_parameters,
                        training_features=training_features,
                        filename_saved_model=hmdir+'%s'%VAR,
                        validation_split=0.1,
                        learning_rates=[1e-2, 1e-3, 1e-4, 1e-5, 1e-6],
                        batch_sizes=[1024, 1024, 1024, 1024, 1024],
                        gradient_accumulation_steps = [1, 1, 1, 1, 1],
                        # early stopping set up
                        patience_values = [100,100,100,100,100],
                        max_epochs = [1000,1000,1000,1000,1000)
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Credit: Ian Fisk
https://github.com/alessiospuriomancini/cosmopower

https://github.com/alessiospuriomancini/cosmopower


Diagnostic 
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Multipole 
● Is this the best architecture?
● Data challenge, stay tuned!



Packaging  @ https://github.com/CLASS-SZ
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Machine Learning accelerated CMB & LSS calculations

Input

Boltzmann

Perturbations

Observables

Large Scale Structure
(Halo model, baryons, etc)

class

● Bypass slow parts of Boltzmann 
solver

● Substitute emulated quantities

● Compute LSS observables

● Readily compatible with MCMC 
codes like cobaya

https://github.com/CLASS-SZ


Performance
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Massive neutrinos

MCMC analysis in minutes on a laptop

https://github.com/cosmopower-organization/mnu-3states

https://github.com/cosmopower-organization/mnu-3states
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Performance

MCMC analysis in minutes on a laptop

Effective number of relativistic species

https://github.com/cosmopower-organization/neff

https://github.com/cosmopower-organization/neff
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Performance

MCMC analysis in minutes on a laptop

Dark energy

https://github.com/cosmopower-organization/wcdm

https://github.com/cosmopower-organization/wcdm
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ACT DR4

Performance

MCMC analysis in minutes on a laptop

Choi et al (2020)



Application to EDE constraints
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Kristen Surrao
Columbia

Frank Qu
Cambridge

● DESI DR1: April 3rd 2024
● (Qu, Surrao, Bolliet et al 2024:) April 25th 2024, more than 20 MCMCs, 

impossible without emulators (or take ~ 6 months to 1 year)

https://github.com/cosmopower-organization/ede

https://github.com/cosmopower-organization/ede


Application to EDE constraints
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● DESI DR1: April 3rd 2024
● (Qu, Surrao, Bolliet et al 2024:) April 25th 2024, more than 20 MCMCs, 

impossible without emulators (or take ~ 6 months to 1 year)

Kristen Surrao
Columbia

Frank Qu
Cambridge

Time is precious…. Do we really need to spend so 
much of it setting-up and running mcmc’s?
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Human

Inference with agents 
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HumanPlanner

Inference with agents

Make a plan
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HumanPlanner

PlanckACTRAG agents:

Inference with agents

Retrieve info from 
collaboration papers and 

codes
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HumanPlanner

PlanckACTRAG agents:

camb class cobayaclass_sz getdist
Software 
agents:

Inference with agents

Chatbots for 
softwares
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HumanPlanner

PlanckACTRAG agents:

camb class cobayaclass_sz getdist
Software 
agents:

Engineer

Inference with agents

Writes code



Engineer

Executor
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Planner Human

PlanckACT

camb class cobayaclass_sz getdist

RAG agents:

Software 
agents:

Inference with agents

Executes 
codes



Engineer

Executor
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Planner Human

PlanckACT

camb class cobayaclass_sz getdist

RAG agents:

Software 
agents:

Inference with agents

Back and forth between human 
and agents

(allowed transitions)

➔ System engineering
➔ Prompt engineering
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Inference with agents
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Inference with agents

Make plan
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Inference with agents

Make plan
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Inference with agents

Execute
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Inference with agents

Execute
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Inference with agents

Report
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Inference with agents

Report



Inference with agents
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Write yaml



Inference with agents
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Write yaml



Inference with agents
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Inference with agents
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Execute



Inference with agents
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Show results



Inference with neural nets and agents
Boris Bolliet (Cambridge)

LLM-based agentic AI system running MCMCs 
with neural nets on your laptop.

Large portions of data analysis pipelines 
become automated in a fully controlled 

manner.

Can this change the way we do research? 

CMBAgent
Stay tuned!
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Inference with agents
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